sented with cough and dyspnea on exertion and was found to have pulmonary artery enlargement, pulmonary venous compression, and mediastinal soft tissue enhancement on magnetic resonance imaging. Pulmonary hypertension was confirmed by right heart catheterization and sarcoidosis was diagnosed by histologic examination of tissue obtained at mediastinoscopy. Treatment with steroids resulted in decreased pulmonary artery pressures as well as symptomatic improvement. While pulmonary hypertension is a common complication of sarcoidosis, fibrosing mediastinitis is an unusual etiology that should be considered by clinicians. 
Introduction
Pulmonary hypertension occurs in up to 28% of patients with sarcoidosis [1] [2] [3] [4] [5] [6] and is even more prevalent with advanced disease [2, 7] . Common etiologies of pulmonary hypertension include fibrosis with chronic hypoxia or destruction of small vessels [1, 2, 4, 5, 7] , extrinsic compression of pulmonary arteries by granulomatous disease [8, 9] or lymphadenopathy [10] , and granulomatous vasculitis [11] [12] [13] . We report a patient presenting with pulmonary hypertension due to sarcoidosis-associated fibrosing mediastinitis.
Case Report
A 45-year-old man presented after experiencing high-altitude pulmonary edema. Two years prior, he noted cough and sought treatment because of increasing dyspnea while jogging. Pulmonary function testing (PFTs) reportedly showed an FEV 1 /FVC ratio of 70% and preserved diffusing capacity for carbon monoxide and total lung capacity. The chest X-ray was normal. He was diagnosed with asthma and was prescribed fluticasone/salmeterol without relief. Then, while hiking, he became acutely short of breath. A CT angiogram (CTA) revealed no pulmonary emboli, but showed scattered parenchymal densities and small ( ! 1 cm) nodules, mediastinal lymphadenopathy, and increased mediastinal soft tissue. His symptoms resolved upon return to sea level with corticosteroids. He returned home and was referred to our clinic.
He had no past medical history, was taking no medications, had never smoked cigarettes, and had no relevant family history. Vital signs were: blood pressure 140/90 mm Hg; heart rate 84; respiratory rate 16, and SaO 2 at room air was 96% at rest and 94% with exercise. He appeared well, the jugular venous pressure was not elevated and the lungs were clear bilaterally. The heart was regular without murmurs or gallops, but there was an exaggerated splitting of the second heart sound with a prominent pulmonic component and a palpable right ventricular heave. The remainder of the examination was unremarkable.
Laboratory evaluations revealed normal blood counts, electrolytes, kidney and liver function. Normal serologies included erythrocyte sedimentation rate, rheumatoid factor, antinuclear antibody, antineutrophil cytoplasmic antibody, quantitative immunoglobulins, and a negative hypersensitivity pneumonitis allergen panel. Also negative were antibodies to HIV, histoplasma antigen and antibodies, and a purified protein derivative. Repeat pulmonary function testings revealed FEV 1 /FVC 56% and preserved diffusing capacity for carbon monoxide and lung volumes. Repeat CTA confirmed the prior findings as well as enlargement of the pulmonary artery (3.4 cm; fig. 1 ). Magnetic resonance angiography (MRA) showed lymphadenopathy and diffuse soft tissue enhancement suggestive of fibrosing mediastinitis encasing and narrowing the pulmonary veins, most prominent on the left ( fig. 2 , 3 ). Pulmonary hypertension was confirmed by transthoracic echocardiogram (estimated pulmonary artery systolic pressure 60 mm Hg) and showed mild dilation and hypokinesis of the right ventricle but no left heart abnormalities. Cardiac MRI revealed epicardial scarring involving 1-25% of the myocardial thickness at the inferior wall, but no wall motion abnormalities, normal chamber sizes, an ejection fraction of 51%, and a mildly dilated main pulmonary artery. On right heart catheterization, right atrial pressure was 20 mm Hg, pulmonary artery pressure was 62/30 (mean 44) mm Hg, pulmonary capillary wedge pressure (PCWP) measured on the left was 24 mm Hg, and pulmonary vascular resistance (PVR) was low at 2.6, supporting a diagnosis of pulmonary venous hypertension. Pulmonary artery oxygen saturation was elevated at 80% and cardiac output was 8.3.
Mediastinoscopy revealed diffuse fibrosis and multiple firm pretracheal nodes. Biopsy specimens showed non-necrotizing granulomas surrounded by abundant fibrosis and special stains and cultures for fungi and acid fast bacilli were negative. Based on these results, the patient was diagnosed with sarcoidosis and pulmonary hypertension was attributed to fibrosing mediastinitis with pulmonary vein compression. Treatment with prednisone was initiated at 60 mg/day and repeat echocardiogram at 8 weeks showed a reduced right ventricular systolic pressure (45 mm Hg). Repeat MRA at 6 months showed persistent mediastinal soft tissue enhancement, but decreased pulmonary venous compression ( fig. 2 ) . Finally, repeat right heart catheterization at 1 year showed improved right atrial pressure (10 from 20 mm Hg), pulmonary artery pressure (mean 34 from 44 mm Hg), and PCWP (16 from 24 mm Hg), with a similar PVR (4.3 from 2.6). Within weeks of initiating treatment, the patient noted improved exercise tolerance. Prednisone was slowly tapered over 1 year.
Discussion and Literature Review
Based on our review, this is the first reported case of sarcoidosis-associated fibrosing mediastinitis with pulmonary venous compression and resultant pulmonary hypertension. While fibrosing mediastinitis is not common with sarcoidosis, pulmonary hypertension occurs in up to 28% of patients [1] [2] [3] [4] [5] 14] . However, because this estimate reflects the prevalence at referral centers, it may be biased [1, 6] . The estimated 5-year survival for patients with sarcoidosis-associated pulmonary hypertension is just 59% [7] . These patients are more likely to be listed for transplant than those with sarcoidosis alone [6] , require more supplemental oxygen, have poorer functional status, and have increased mortality while awaiting transplant [10, 15] .
Etiologies of pulmonary hypertension with sarcoidosis include fibrosis with chronic hypoxia or destruction of small vessels [1, 2, 5, 14] , extrinsic compression of pulmonary arteries by granulomatous disease [8, 16] or lymphadenopathy [7] , and granulomatous vasculitis [9, 11, 13] which occasionally mimics pulmonary veno-occlusive disease [7, 12, 17] . These etiologies were unlikely in our patient as he had no radiographic evidence of pa-renchymal fibrosis, normal resting oxygen saturation, no arterial compression by MRA and no perfusion abnormalities by CTA. However, because the PCWP was measured unilaterally, it is impossible to completely rule out a contribution from any of these factors.
Less common etiologies of sarcoidosis-associated pulmonary hypertension include portal-pulmonary hypertension [18, 19] and vasoconstriction due to the elaboration of vasoactive factors [20] . Our patient had normal liver function and normal PVR making these etiologies unlikely. While the PCWP was elevated, because the left heart was normal by echocardiography, this more likely reflects pulmonary venous hypertension than myocardial dysfunction. Also, while cardiac MRI noted mild epicardial scarring, this involved a limited thickness of the myocardium in a small portion of the wall and did not affect left heart size or function, making primary cardiac sarcoid unlikely. An extensive workup for other causes of non-sarcoidosis-related pulmonary hypertension was unrevealing, leaving mediastinal fibrosis with resultant pulmonary venous compression the most likely etiology.
Previously, sarcoidosis-associated pulmonary hypertension was attributed only to pulmonary fibrosis leading to chronic hypoxia and small vessel destruction. Accordingly, its most commonly cited clinical predictors include advanced Scadding stage [3, 21] and low oxygen saturation [3] . However, studies have shown that neither of these factors accurately predicts the incidence or severity of pulmonary hypertension [7, 21, 22] . This is supported not only by a higher incidence of pulmonary hypertension in sarcoidosis than that seen in other destructive lung diseases [23] , but also by the fact that the mean pulmonary artery pressure of patients awaiting transplant is significantly higher for patients with sarcoidosis than those with idiopathic pulmonary fibrosis [24] . Other potential markers, such as spirometry, lung volumes, and diffusing capacity, are equally unreliable [6, 7, 10, 21] . Similarly, neither lymph node enlargement nor thickening of bronchovascular bundles by CT accurately predicts pulmonary hypertension [3] . Perhaps the difficulty in identifying reliable predictors of pulmonary hypertension in sarcoidosis reflects the fact that no studies to date have stratified patients by underlying etiology. Because there are multiple etiologies of pulmonary hypertension in sarcoidosis, predictors may vary with etiology. Similarly, treatment efficacy may depend upon etiology and the failure to differentiate patients on this basis may explain our relative lack of success in treating sarcoidosis-associated pulmonary hypertension. Optimal treatment is unknown but is currently the subject of ongoing research. Several small studies and case series, including one published in this journal, have reported variable responses to vasodilator treatments [23, [25] [26] [27] . While these studies suggest that at least a subset of patients may have a clinical response, the question must be addressed more rigorously by large randomized controlled trials.
As with vasodilators, response to corticosteroids is also variable. While several small series suggest improvement [11, 28] , others have found mixed responses [2, 7] or no benefit at all [8, 13, 17] . Our patient improved with steroids as evidenced by improved hemodynamics and decreased pulmonary venous compression. While anecdotal, this suggests that pulmonary hypertension due to diffuse mediastinal fibrosis may be steroid-responsive. As with vasodilators, randomized controlled trials will be necessary to definitively assess the role of steroids. Such studies should also stratify patients by etiology in order to identify accurate predictors of response. This will help to tailor therapies and thus improve the efficacy of treatment regimens prescribed for this complicated disease.
